s disease in man. The defect of intestinal absorption of zinc in acrodermatitis enteropathica has no homologue yet in the mouse. However, the lethal milk (lm) mutant in the mouse may be homologous to a condition of zinc deficiency described in a few breastfed, low birth weight infants. Many more genetic defects of transport of copper and of zinc may await discovery. Conversely, these mutants are valuable in elucidating the normal processes of copper and zinc transport.
The topic of my lecture has been chosen primarily because it is my own special interest among the various areas of research in our Institute. However, I was also at some pains to choose a topic which seemed to me compatible with Cedric Carter's personality and interests. I wanted to give a lecture which he would have enjoyed, had he been in the audience.
Cedric Carter was a highly intelligent man and a great clinical geneticist. He had a wonderful memory which retained most of the things he had ever seen or read. He was very logical and quickwitted. Although he was not himself a laboratory worker, he was able to criticise basic scientific research in a penetrating way. He was efficient and businesslike, wasting few words and no time. He had a knack of making decisions and then moving on to the next subject without dwelling on the decision that he had made. Despite this, he had the important skill of (second thinking'. By this, I mean his habit of returning to an important point in a discussion five or ten minutes later with a new contribution or a new thought. This Most of the mouse mutants seem to form a graded series in the severity of the same features. However, blotchy (Moblo), the least severe, shows a qualitative difference from the others, in that connective abnormalities are much more pronounced than in any of the other mutants41 and lysyl oxidase levels are more severely reduced than in the brindled strain,42 which otherwise shows more severe disturbances of copper transport in tissue culture. X linked cutis laxa seems to show a similar qualitative difference from the two forms of Menkes' disease. One might wonder about the possibility of homology between blotchy and X linked cutis laxa on the one hand, and between brindled and the two forms of Menkes' disease on the other hand, with the two sets of loci being closely linked, rather than identical.
Hopefully the next few years will see better progress in understanding these frustrating conditions.
Related conditions
Several other disturbances of copper status have been described in individual families and remain uninterpretable pending further evaluation of these families or discovery of other similar families or both.
Willemse et at'3 described a boy with an X linked clinical disease indistinguishable from Menkes' disease with similar pathological changes and copper results in blood, urine, and tissues. He differed in showing near normal intestinal absorption of copper and much less copper bound to metallothionein in cultured cells than one finds in Menkes' disease.
Haas et al44 described two male cousins related through their mothers who suffered mental retardation with progressive decerebrate posturing and athetosis. Oral absorption of copper was grossly diminished although intravenous doses were incorporated into caeruloplasmin normally. A gross disparity in the liver copper results reported in the two boys is disturbing. Mehes and Petrovicz45 reported benign copper deficiency with X linked or autosomal dominant inheritance. Fair hair, widened metaphyses, mild anaemia, and seizures which responded to oral copper therapy were features in the index case. A disparity between serum copper and caeruloplasmin levels was hard to explain in this report.
One must anticipate a series of steps in cellular copper transport, and several different genetic diseases caused by defects in these steps must be expected. Copper deficiency should be considered in patients with any two or more features which could be explained by faults in copper enzymes.
Wilson's disease and related conditions
The involvement of copper in the pathogenesis of Wilson's disease has been known for many years, but very little has been discovered about the basic defect. The best that we can say is that the defect must involve some process which is important in the production of caeruloplasmin and in the biliary excretion of copper.9 l Most of the other consequences of the disease seem to flow from these two primary disturbances, especially from the excretory failure.
Progress has been very slow because there has been no way of studying the disease in cell culture and because there has been no animal model. Recently One might argue that the same is true of the molybdenum cofactor disease which has been described in recent years, but the novelty of molybdenum as a source of disease and of this condition warrants a few words. These patients have xanthine oxidase and sulphite oxidase deficiency, the latter being primarily responsible for the phenotype of severe mental retardation. The actual mutation is in the pterin cofactor which binds molybdenum, rather than any aspect of molybdenum uptake and transport.6' The pterin cofactor is thought to be synthesised in the body rather than absorbed intact. Presumably there is a process which allows absorption of molybdenum and incorporation into the cofactor.
The mutations affecting trace element transport which I have been able to describe must be just the 'tip of an iceberg'. There must be many specific steps in the absorption, transport, and elimination of each trace element. Each process must be controlled by genes and each gene must be subject to mutation.
The work of our own research group which is included in this review has involved many scientists, mutations. 
Of mice and men, metals and

